Differential reproductive success commonly reflects variations in reproductive physiology, behavior, and morphology. In some species, competition among males results in the evolution of alternative reproductive tactics that confer a fitness advantage relating to social status, density, or myriad other factors. In the Cape ground squirrel (Xerus inauris), a species that is highly competitive but lacks typical mammalian aspects of intrasexual competition (e.g., territoriality and aggression), 2 alternative reproductive tactics occur relating to dispersal. While physiological and behavioral differences have been demonstrated between dispersed males and males that delay dispersal, we used microsatellite markers to quantify variations in reproductive success between tactics. We found that dispersed males are in better body condition with larger home ranges likely allowing greater encounter frequencies with estrous females. However, we found no difference in copulation frequency between tactics, and the decision to delay dispersal does not preclude reproduction. Over 70% of males did not sire any offspring, yet the average number of offspring sired was equal between tactics. Thus, all males are equally likely of copulating, but paternity is strongly skewed toward a few males regardless of tactic. Natal philopatry may be a conditiondependent tactic that does not reduce reproductive success.
Variations in reproductive life histories commonly are observed across taxa as mechanisms to maximize fertilization success (Gross 1996; Shuster and Wade 2003) . The occurrence of alternative reproductive tactics (ARTs) is related to the intensity of sexual selection and to the extent to which same-sex conspecifics can exploit their competitors in order to increase their probability of acquiring mates or fertilizations (Brockmann 2001) . High variance in fitness is often related to female accessibility, male interference competition, and sperm competition. Thus, it is not surprising that ARTs are commonly seen in males, vary spatially and temporally in response to female distribution, and often result in disproportionate investment in precopulatory competition and sperm competition between tactics (Shuster and Wade 2003; Wolff 2008) .
Reproductive tactics can be permanent or plastic, where individuals switch between tactics throughout their lifetime (Gross 1996) . The ability to determine when and why individuals change tactics requires an understanding of the fitness payoffs Schradin and Lindholm 2011) . Individuals either adopt the tactic with the greatest reproductive advantage or if unable to do so, settle for a less successful tactic (Koprowski 1993; Gross 1996; Wolff 2008) . Tactics that result in unequal fitness payoffs are classified as conditional because the differences are based on competitive abilities often relating to age, size, or condition of the individual (Gross 1996; Schradin and Lindholm 2011) . As individuals are able to outcompete others, for example, with gains in body mass or body condition, they tend to change their tactics (Schradin et al. 2009 ).
ARTs have not only been extensively studied in invertebrates (Gross 1996; Brockmann 2001) but are also commonly observed in mammals, including both tree and ground squirrels (Koprowski 1993; Scantlebury et al. 2008; Raveh et al. 2011) . Sciurids represent a diverse spectrum of breeding and social systems such that variations in reproductive tactics can be attributed to mating systems and intensity of sperm competition. The majority of sciurids have discrete breeding seasons in which males have a fixed interval to compete for reproductive opportunities. These mating systems often result in intrasexual competition between males in the form of territoriality and/ or aggression to maximize mating opportunities (Koprowski 1993) and sperm competition to maximize fertilization success (Bonanno and Schulte-Hostedde 2009) . Because intrasexual competition determines male reproductive success, it is uncommon for males to form same-sex groups (Trivers 1972) especially when competing for the nondivisible resource of successful fertilization (Van Hooff and Van Schaik 1994) .
Xerus inauris represent a unique species of sciurid because males form same-sex roving bands that search for estrous females (Waterman 1997) . Small litter sizes of 1-2 suggest that likelihood of multiple paternity is low, albeit not nonexistent (Waterman 1996) . While formation of these male coalitions and small litters might suggest reduced intensity of intramale competition, X. inauris have one of the highest operational sex ratios among sciurids (11 males:1 female; range 3-18-Waterman 1998) and are promiscuous, with females averaging 4 mates during the brief 3-h estrus (Waterman 1996 (Waterman , 1998 (Waterman , 2010 . In addition, females are asynchronous, spontaneous ovulators that breed year-round (Waterman 1996; Bouchie et al. 2006 ) allowing for continuous mating opportunities.
Despite high competition for a limited resource, male X. inauris are unlike other sciurids in that they lack aggression and territoriality (Waterman 1997) . Instead, males compete predominantly via precopulatory competitive searching (Waterman 1995 (Waterman , 1998 and sperm competition (Manjerovic et al. 2008 ) although additional behaviors might influence reproductive success. Male X. inauris reach reproductive maturity between 8 and 10 months, at which point they either disperse and join a roving all-male band or delay dispersal and remain in their natal burrow for up to 4 years (Waterman 1995 (Waterman , 1997 Scantlebury et al. 2008) . Males that delay dispersal participate in alloparental behaviors and likely gain inclusive fitness benefits by staying. Males are classified as either "disperser" or "nondisperser," but these tactics are not permanent; all males eventually disperse and there have been a few cases where dispersed males briefly return to natal social groups (Waterman 1995) . Because dispersed X. inauris still obtain benefits of group-living (Waterman 1997) , the decision of delaying dispersal may be an integral part of the reproductive tactics of X. inauris depending on the likelihood of successfully dispersing into a male band and the likelihood of successful reproduction. It has been suggested that dispersed males have an advantage based on older, dominant males obtaining the 1st mating and a higher number of underground copulations where likelihood of disturbance is reduced (Waterman 1998 ). However, paternity success has never been quantified; thus, there is no measure of direct fitness between tactics. When males compete over an indivisible resource such as fertilization, unraveling the relative importance of intrasexual competition is crucial to determining how ARTs influence paternity success (Keogh et al. 2013) .
In this study, we examined intrasexual competition and the resulting copulatory and paternity success between alternative dispersal tactics used by male X. inauris. We hypothesize that there is an unequal probability of paternity success between tactics. Specifically, we predict that dispersed males will have higher success because of larger home ranges, increased likelihood of encountering estrous females, and increased chance of first mate advantage.
Materials and Methods
Field sampling.-We trapped X. inauris from June 2002 until December 2006 at S. A. Lombard Nature Reserve, South Africa (3,600 ha, 18 km northwest of Bloemhof, South Africa, 27°35′S, 25°35′E). We individually marked animals for field identification following the methods of Waterman (1995) and inserted permanent microchip identifiers subcutaneously following the methods of Pettitt and Waterman (2011) . Upon capture, we recorded standard field measurements and age (juvenile or adult) based on reproductive characteristics or known date of birth (Waterman 1995 (Waterman , 1996 (Waterman , 1998 . Individuals were caught periodically to renew dye marks, record body mass, and assess reproductive condition. Because all males eventually disperse, we classified tactic based on year of dispersal such that nondispersed males were reclassified as dispersed males once they left their natal burrows. We used monthly trapping and observation occurrences to calculate an individual's date of last known occurrence in their natal burrow. For genetic analyses, we collected a 1-to 3-mm tail skin sample stored in 95% ethanol. We released all animals at the site of capture.
Between June 2003 and July 2006, we observed squirrels from elevated locations including vehicle blinds and observation towers using 10 × 50 binoculars and 15-45 × 60 spotting scopes. We collected estrous data opportunistically recording all interactions using all-occurrence sampling (Altmann 1974) using behaviors described in Waterman (1995) . We assumed underground copulation occurred when a male closely pursued the estrous female down the same burrow and remained underground for over 1 min (Waterman 1998) . We concluded observations when males no longer actively pursued the estrous female and when both sexes began foraging (Waterman 1998) . We calculated the number of copulations observed over the total number of estruses attended for each male and averaged this value by tactic. We used a chi-square test to determine if there were differences between tactics in the average number of copulations per male and if there were differences in when and where copulations occurred (i.e., above versus below). We also estimated intermale variability in copulatory success between tactics based on coefficient of variation, CV SD X = / , and intensity of sexual selection index, I SD X s = Body condition.-We created an index of body condition following methods outlined in Schulte-Hostedde et al. (2005) . We measured total spine length (mm) excluding caudal vertebrae and weighed all animals with a spring scale to the nearest 5.0 g. We calculated a body condition index using the residuals of the ordinary least squares regression of log spine length and log body mass compared between nondispersed and dispersed males; individuals considered to be in better body condition would have positive residual values (Schulte-Hostedde et al. 2005) . To incorporate a priori expectations without precluding rejection of results if in the unanticipated direction, we compared body condition between tactics using a directed test. This test places 80% of the rejection region of the test statistic in the anticipated direction and the remaining 20% in the unanticipated direction (Rice and Gaines 1994) .
Home ranges.-For home range analysis, we fitted a subset of males (n = 12) with Model SOM-2380 radiocollars (Wildlife Materials, Inc., Murphysboro, Illinois). We released collared animals at the site of capture and allowed 24-48 h before radiotracking to allow for a period of acclimation. Between May and July 2006, we located animals daily or nightly with at least 24 h between each location for a minimum of 50 data points. We recorded exact locations of animals in burrows while animals found in the open were identified from a distance to minimize disturbance. For home range estimates, we also included locations based on observations and trapping during 2006. We categorized radiocollared animals as nondispersed or dispersed only if their natal burrow was known or if we were able to assign a social group based on paternity analysis. We estimated home range using the animal-movement extension (Beyer 2004) in ArcMap v.9.3.1 (ESRI 2009). We generated 95% fixed kernel estimates and calculated smoothing factors per individuals using Animal Space Use 1.3 Garton 2006, 2009) . We calculated both the likelihood cross-validation (CVh), which minimizes the Kullback-Leibler distance, and h-ref, based on the variance in locality data (Horne and Garton 2006) . We also calculated 95% minimum convex polygons and used those estimates to determine the number of female social groups each male home range overlaps. Because of the extremely philopatric nature of females (Waterman 1995) , we were confident of the burrow locations for the adult females within the study area. We compared all home range predictions between tactics using a t-test.
Paternity assignments.-We extracted genomic DNA from tail tissue using a DNeasy Kit (Qiagen Inc., Valencia, California) and genotyped all individuals using 8 species-specific microsatellite loci (Abercrombie et al. 2009 ). Primer sequences are available on GenBank (accession nos. FJ823123-FJ823131), and polymerase chain reaction (PCR) conditions and cycling parameters are described in Manjerovic et al. (2009) . We visualized amplified PCR products and internal size standards on a Beckman 8000 CEQ and used the corresponding software to size alleles. We tested for deviations from Hardy-Weinberg equilibrium and linkage disequilibrium using Genepop with α = 0.05 (Raymond and Rousset 1995) .
All 8 loci had adequate polymorphic information content (Supporting Information S1) and were retained in our analyses as there was no deviation from Hardy-Weinberg equilibrium or linkage disequilibrium. We genotyped 384 individuals (221 males and 163 females) with 85.2% typed at all 8 loci; 7 samples were removed because more than 2 loci were missing. The majority of males (96.8%) were typed at all 8 loci and throughout the study, a total of 151 males were considered candidate fathers. We obtained genetic estimates of reproductive success based on parentage assignments of juveniles and subadults, calculated using CERVUS v.3.0 (Marshall et al. 1998; Kalinowski et al. 2007 ). This likelihood-based approach assigns parentage based on confidence levels calculated using a simulation of population allele frequencies, proportion of population sampled and genotyped, and mistyping error. A total of 100,000 iterations were run using proportion of loci typed calculated from microsatellite data (0.979) and a 1% genotyping error rate. We used trapping data to calculate an average of 4 adult female candidates per social group. Because we are confident in the average number of adult males present at the time of breeding (Waterman 1998) , we used the operational sex ratio of 11 males to 1 female for the average number of candidate males. We estimated proportion of candidates sampled by subtracting the proportion of unknown adults captured each subsequent year, which averaged approximately 10% for females and 30% for males. All adult males were included as candidates regardless of where they were initially trapped. We also included all nondispersed males in the analysis even when they were in the same social group as the estrous female. To account for variation in sampling effort and success as well as changes in the reproductive ages of males, we had different candidate male groups each year. Once of reproductive age, candidate males were included only for the years that they were trapped or observed.
We calculated all maternity and paternity analyses with individuals typed at a minimum of 6 loci using at least an 80% confidence level. For maximum reliability of paternity assignments, we only included juveniles with an assigned dam at 95% confidence from the maternity analysis. We did not exclude parents based on 1 mismatch with offspring allowing identification of the most likely parent from among multiple nonexcluded parents (Kalinowski et al. 2007 ). However, we only accepted parentage assignments when there was no more than 1 mismatch for assumed dam-sire-offspring relationships. Total exclusionary power for the data set was over 98% (Jamieson and Taylor 1997) . Once paternity was assigned, we separated candidate sires by tactic (dispersed versus nondispersed) each year to account for timing of male dispersal.
Statistical analyses were performed in SAS (SAS Institute Inc. 2011); we considered results to be significant if P < 0.05.
Ethical notes.-All handling methods met approved ethical treatment guidelines for the Association for the Study of Animal Behaviour (Guidelines for the Use of Animals 2012) and the American Society of Mammalogists (Sikes et al. 2011 ). All methods were approved by the University of Central Florida's Institutional Animal Care and Use Committee (#07-43W).
Results
Field sampling.-Over the course of this study, we trapped 472 individuals (152 adult females and 165 adult males) and monitored a total of 30 social groups. We observed squirrels for a total of approximately 1,700 h and recorded 38 estrous events. Of those, we had sufficient copulation data from 32 estruses (25 individual females) with 158 recorded copulations. Copulations were unevenly distributed among males attending estrous event (0.47 ± 0.80 copulations/male; CV = 170.9; I s = 2.92) with over 65% of males never observed copulating. Both tactics were always present at estrous events, but the majority of observed copulations (70.3%) were by dispersed (n = 90) or unknown (n = 21) males. Of those known males that copulated, we found no differences between tactics in who copulated first (χ 2 = 1.15, d.f. = 1, P = 0.28) or location of 1st copulation (above: χ 2 = 0.01, d.f. = 1, P = 0.923; below: χ 2 = 1.77, d.f. = 1, P = 0.18). To account for those males that were not observed copulating and for dispersed males representing a larger proportion of the population, we calculated copulatory success per known individual. We found no differences between tactics in the average number of copulations per male (χ 2 = 0.02, d.f. = 3, P = 0.89); dispersed males copulated 0.32 ± 0.1 times per estrus and nondispersed averaged 0.34 ± 0.1 copulations per estrus. We also found no differences between tactics when comparing where copulations occurred (above: χ 2 = 0.12, d.f. = 3, P = 0.74; below: χ 2 = 0.30, d.f. = 3, P = 0.58). Above-ground copulations averaged 0.12 ± 0.0 and 0.10 ± 0.0 for dispersed and nondispersed males, respectively. Below-ground copulations were higher but similar between tactics with an average of 0.20 ± 0.1 for dispersed males and 0.24 ± 0.1 for nondispersed males.
We recorded body condition from 9 dispersed males and 15 nondispersed males and found dispersed males were in better condition compared to nondispersed males (dispersed: 0.01 ± 0.02; nondispersed: −0.01 ± 0.02; t 22 = 2.02, P = 0.04). Dispersed males had significantly larger home ranges compared to nondispersed males independent of the method of home range estimation (Fig. 1) . Consequently, dispersed males overlapped with significantly more female social groups compared to nondispersed males despite having no differences in number of overall locations recorded (Table 1) .
Paternity assignments.-We assigned maternity to 222 of 239 juveniles and subadults. Of those 222, we used 131 individuals that were assigned at 95% confidence with zero mismatches, in paternity assignments. We successfully assigned 66 (50.4%) juveniles at 95% trio-confidence with zero mismatches; at 80% confidence, another 27 (20.6%) were assigned with zero mismatches. Of those 93 juveniles, 80.7% were sired by dispersed males and 17.4% by nondispersed males; we were unable to assign a tactic to 2 sires. Of those males that sired offspring, we found no difference between tactics in the average number of offspring (Mann-Whitney: Z = −0.35, P = 0.72; n dispersed = 45, n nondispersed = 11); dispersed and nondispersed males sired an average of 1.7 and 1.5 offspring, respectively. Of the 45 dispersed males that sired offspring, only 18 (40%) sired more than 1 juvenile. Of the 11 nondispersed males that sired offspring, there were 4 (25%) that sired more than 1 offspring. However, similar to copulatory success, reproductive success was unevenly distributed; only 28.4% of males in the population were assigned to juveniles. When comparing across all males including those that were not successful sires, we found no difference in reproductive success between tactics (t-test: t 104 = 0.49, P = 0.62). Dispersed males (n = 82) averaged 0.90 ± 0.12 (X SE ± ) offspring per male, while nondispersed males (n = 24) averaged 0.75 ± 0.18.
We found evidence of 1 nondispersed male that sired an offspring within its natal social group. Of the 93 offspring, we found evidence of 11 litters of 2 with the remaining offspring being singletons. Of those twins, we found genetic evidence of multiple paternity in 10 of the 11 litters (90.9%).
Discussion
Unlike most systems in which the existence of ARTs confers a distinct reproductive advantage, we found no differences in copulatory or paternity success between alternative dispersal tactics in male X. inauris. Regardless of tactic, the frequency of copulation was extremely skewed with over 65% of males that attend an estrus never observed copulating with females. Of those males that did successfully mate, we found no difference between tactics in the average number of copulations obtained suggesting that nondispersed males are equally likely of copulating with females. Similarly, both tactics had equal likelihoods of obtaining the 1st copulation and the proportion of above-and below-ground copulations within each tactic were similar. We found no differences between tactics as to whether the 1st copulation or any copulation occurred below ground even though below-ground copulations are suspected to be advantageous (Waterman 1998) .
Like copulatory success, reproductive success also was highly skewed among all males regardless of tactic. High variance in reproductive success is a common component in the evolution of ARTs, but this variance usually results with one tactic that is more successful than the other . As the majority of males that attend an estrus were not observed copulating with females regardless of tactic and over 70% of all estruses fail to produce offspring (Waterman 1996) , paternity success in this species is quite low and extremely skewed. Only 28.4% of all males in the population successfully sired offspring and we found no difference in average number of offspring per male between tactics. Such skew among males results in a sexual selection intensity similar to what is seen in lekking species suggesting a greater potential for sexual selection to occur (DuVal and Kempenaers 2008) .
Unlike previous systems analyzed where 1 male monopolizes mating opportunities or where tactics are easily distinguished (e.g., bourgeois versus sneakers-Brockmann and Taborsky 2008), this species lacks overt differences in reproductive competition. Variations in timing of dispersal distinguish male reproductive tactics in X. inauris. One reproductive benefit to dispersing and joining a roving male band is an increased likelihood of finding females as they approach estrus (Waterman 1997) . Compared to nondispersed males, the larger home ranges of dispersed males result in a greater overlap with additional females. Dispersed males likely encounter more estrous females across the landscape although this higher encounter rate does not translate into greater copulatory success when attending an estrus. Because females are spontaneous ovulators that breed year-round, males are constantly competitively searching for estrous females (Waterman 1998; Bouchie et al. 2006) . However, given the clumped distribution of females across the landscape, nondispersed males still have ample opportunity to mate with nonrelated females.
Changes in population density or female distribution allow for greater flexibility in male mating tactics (Kodric-Brown 1986; Schradin et al. 2012b) . For systems where tactics are not genetically determined, this type of social flexibility results in "suboptimal" tactics that more closely resemble the dominant tactic in terms of fitness payoff or a single prevailing tactic independent of current fitness consequences (Schradin and Lindholm 2011) . Such flexibility in tactics also indicates that factors influencing strategies (e.g., body condition) can be dynamic as well (Schradin et al. 2012b) . Body mass of male striped mice only increases fitness in years when females were spatially dispersed (Schradin and Lindholm 2011) . The larger home range of dispersed males in our study system suggests that body condition is an important variable when considering additional energy requirements required for maintaining larger home ranges (Mace and Harvey 1983) . However, previous research found no difference in body condition between male tactics (Scantlebury et al. 2008) . While this difference might be attributed to our use of whole-body measurements as opposed to hind foot alone, it is also possible that body condition influences male tactics only under specific social and environmental circumstances.
Body condition has long been recognized as an important factor when addressing variations in male reproductive tactics (Koprowski 1993; Brockmann 2001) , but the costs associated with tactic differences are not always overt. In horseshoe crabs (Limulus polyphemus), males able to attach to females during breeding tend to be younger males in better body condition because of the significant nutritional stress that accompanies fasting while attached (Smith et al. 2013) . Dispersed male X. inauris spend a greater proportion of their time moving and have higher resting metabolic rates, both an increased energetic and physiological costs that may require males to be in better body condition (Scantlebury et al. 2008) . Condition also has been linked to variations in sperm quantity and/or quality with the assumption that better body condition leads to producing more sperm (Pitnick et al. 2009 ). Although no differences in size of testes have been detected between tactics (Scantlebury et al. 2008) , male X. inauris show high amounts of sperm competition (Manjerovic et al. 2008) , which is common in species that multiply mate. Given the fact that the most estruses fail to produce any offspring and those that do average a single offspring, the likelihood of multiple paternity is low. In the few instances where 2 offspring were produced, we found almost every litter had 2 sires. Although this level of multiple paternity appears to be one of the highest recorded value among Sciurids, this species is also the only Sciurid where the average litter size is 1 (Raveh et al. 2010) . In systems where litter sizes are higher, multiple paternity decreases the competitive field. However, since most female X. inauris fail to raise offspring and only a small percentage are litters of 2, males of this species still need to be competitive. Therefore, as litter size and likelihood of multiple paternity decreases, it would appear to be most beneficial for a single male to attempt to monopolize as many females as possible and be intolerant to the presence of competitor males (Olson and Blumstein 2009) .
The propensity for female X. inauris to mate with multiple males, sometimes repeatedly with the same male (Waterman 1998) , suggests that variation may occur in individual ejaculate allocation (Pizzari et al. 2003; delBarco-Trillo and Ferkin 2004) . It is not uncommon for males with ARTs to invest differently in testis development and sperm production, but this relationship, like all others, is compounded by additional factors such as social status (Cornwallis and Birkhead 2006; Rudolfsen et al. 2006) or reproductive suppression (Schradin et al. 2012a) .
Whether able to compete directly or via sperm competition, nondispersed males are not excluded from reproduction suggesting that the "failure to launch" does not limit the reproductive success of male X. inauris who delay dispersal. This species is relatively long-lived, and therefore, reproductive success measured here may represent only a fraction of lifetime reproductive success, thus underestimating differences between tactics in fitness. Delaying dispersal may also lead to inclusive fitness benefits with younger males more likely to have a surviving parent or close relative in the group. As males get older, those benefits would decrease such that it becomes more advantageous to disperse. However, it is also entirely possible that differences in lifetime reproductive success do not exist between the tactics. If no differences exist, then this system may represent one of the few examples of a mixed strategy, where individuals are capable of expressing either tactic and frequency-dependent selection results in equal fitness payoffs (Gross 1996) . Investigations that quantify male success over their lifetime could clarify the type of strategy, and whether the risk of surviving dispersal and the inclusive fitness benefits gained makes being a nondispersed male advantageous. Rather than clearly defining factors leading to male reproductive success, this study emphasizes that the existence and persistence of ARTs in a population are likely an adaptive response to the costs and benefits encountered in the surrounding environment ).
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